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Pneumococcus cells are extremely fragile; this is evidenced by the 
rapid autolysis which these organisms undergo both in culture media 
and in saline suspensions, by their solubility in bile, and by the ease 
with which they break up during repeated freezing and thawing.  The 
possibility of obtaining pneumococci  in "solution" has been considered 
a great advantage in the study of their antigenic structure,  since it 
apparently  offered a  technique for  the  separation  of  the  different 
cellular antigens.  It  is debatable,  however, whether the methods 
which cause pneumococci to go into solution do not act by breaking 
down, chemically, some of the insoluble structures of the cell.  Sug- 
gestive of this possibility are the following observations. 
Whereas the immunization of rabbits (by intravenous route) with 
heat-killed cells of virulent pneumococci may bring about  the pro- 
duction  of  precipitins  directed  against  the  type  specific  capsular 
polysaccharides of the strains used as antigens, these particular anti- 
bodies are not demonstrable when, instead of heat-killed cells,  one 
uses for immunization, bacterial suspensions which have been allowed 
to undergo auto]ysis, or have been put in solution by bile, or by freezing 
and thawing  (1).  In fact,  there are  no convincing reports in the 
literature  of  the  successful  production of  type  specific  precipitins 
directed  against  the  capsular  polysaccharide,  by  the  intravenous 
immunization of rabbits with filtered soluble extracts of pneumococci. 
When one considers the paramount importance of this specific anti- 
body in determining protection against pneumococcus infections, it 
becomes urgent to inquire into the possible mechanisms involved in 
determining the effectiveness of the proper antigen.  As will appear 
from subsequent studies, the loss of specific antigeniclty suffered by 
virulent pneumococci in the course of autolysis can be traced to the 
action of the cellular enzymes.  On the other hand,  the discovery 
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that active autolysates of pneumococci can cause the dissolution of 
heat-killed pneumococci (2)  has made available a  technique for' the 
study of the phenomenon of autolysis itself.  It seems justified, there- 
fore, to devote the present paper to an analysis of some changes pro- 
duced by sterile preparations of the autolytic enzymes of pneumococci 
upon heat-killed cells of the same bacterial species. 
EXPEB TM'E.NTAL 
Pneumococci were grown in peptone-beef heart infusion broth; the cells were 
collected by centrifugalizafion of active cultures which had  been incubated  at 
37  °  for 6  hours. 
1.  Bacteriolytic Enzyme.--The autolysates were prepared by resuspending the 
cells in  an  amount  of  physiological saline  corresponding  to  one-fifteenth  the 
volume of the original culture.  This suspension was incubated for 24 hours at 
37°C. in the presence of an excess of toluol.  The toluol, and the pellicle of fatty 
material adherent  to  it,  was  then  discarded and  the  autolysate,  consisting of 
Gram-negative detritus, was used as a crude preparation of bacteriolytic  enzyme. 
2.  Heat-Killed Cells.--Young cells of pneumococci were resuspended in a very 
small amount of distilled water and the concentrated suspension rapidly added 
to a larger volume of distilled water at 75°C.; the temperature was maintained at 
this level for 20 minutes.  This process of "flash" heating was selected because it 
minimizes the chances for alterations due to enzymatic action.  The volume of 
fluid was so arranged that the final concentration of cells in the bacterial suspen- 
sion was fifteen times greater than in the original culture. 
The Effect of Autolysates upon Heat-Killed Pneumococci.--Avery and 
Cullen obtained from living pneumococci a  heat-labile agent which 
caused rapid lysis of heat-killed cells of the same bacterial species, 
disintegrating  the  formed elements into  a  mass  of  Gram-negative 
detritus  (2).  This  agent,  the  so  called bacteriolytic enzyme, was 
found to be present in all pneumococci and to be effective against R 
or  S  variants  of  the  cell,  irrespective  of  type  derivation.  Similar 
findings were reported by Wollman  (3).  A quantitative  estimation 
of the activity of the bacteriolytic enzyme of Pneumococcus is pre- 
sented in the following experiment. 
Experiment 1.--An active autolysate prepared from an R  culture derived from 
Type II Pneumococcus was tested against heat-killed cells of the same R strain, 
and of an S strain of Type I.  To a series of tubes each containing 0.5 cc. of the 
suspension of heat-killed cells and  an  equal volume  of M/20 phosphate buffer 
(pH 5.5),  the active autolysate was added in amounts varying from 0.5  cc.  to a.E~r~ j.  DUBOS  875 
0.005 cc. as indicated in Table I.  The mixtures were incubated at 37°C. for 
18 hours in the presence of chloroform.  At the end of the incubation period, 
films made of each of the preparations were stained by the Gram technique and 
the changes in morphological  appearance and the staining properties of the cells 
were noted.  At the same time, gross"  estimations of the degree of turbidity of the 
cell suspensions were also recorded (Table I). 
The results recorded in Table I indicate that: (a)  The bacteriolytic 
enzyme prepared  from an  R  culture is effective against heat-killed 
ceils of the same strain and also against those of encapsulated Type I 
pneumococci.  However, it is possible that a more accurate titration 
TABLE  I 
The Effect of Different Amounts of Active Autolysate upon Heat-Killed Pneumococci 
Amount of au- 
tolysate n  R 
C6. 
0.5 
0.05 
0.005 
0.0005 
0 
0.5 
0.05 
0.005 
0.0005 
0 
Suspensions of heat-killed cells 
fIR  I S 
¢~:.  CO. 
0.5  0 
0.5  0 
0.5  0 
0.5  0 
0.5  0 
0  0.5 
0  0.5 
0  0.5 
0  0.5 
0  0.5 
Microscopic appearance 
Gram-negative detritus 
"  COCCi 
gc  c~ 
Gram-positive  " 
s~  cc 
Gram-negative detritus 
"  cocci 
cc  c~ 
Gram-positive  cocci 
~c  cc 
Turbidity 
+ 
+++ 
++++ 
++++ 
++++ 
+ 
+++ 
++++ 
++++ 
+~++ 
+ + + +  indicates original turbidity of the cell suspension. 
+ + +, +  indicate clearing of the cell suspension. 
of enzyme and substrate might reveal quantitative differences between 
different strains.  (b)  When a large amount of bacteriolytic enzyme is 
used,  the  Gram-positive cocci are disintegrated into  Gram-negative 
detritus; this change is accompanied by a marked clearing of the ce]l 
suspension.  The form of dissolution thus induced is comparable to 
that which occurs during spontaneous autolysis.  (c)  With a  smaller 
amount of bacteriolytic enzyme, the heat-killed cells become  Gram- 
negative but still retain their characteristic morphology and there is 
no appreciable clearing of the cell suspension.  (d)  The agent which 
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present in great excess in the pneumococcus cell.  In Experiment 1, 
0.005 cc. of autolysate was sufficient to render Gram-negative the cells 
from 0.5  cc. of an equivalent bacterial suspension.  In other words, 
each pneumococcus cell contains  enough enzyme to  render  Gram- 
negative 100 heat-killed pneumococci (18 hours incubation at 37°C.). 
Methods of Preparation of the Bacteriolytic Enzyme.--The ferment 
preparation used in the preceding experiment was an active autolysate 
containing the major part of the cell detritus.  Attempts were made 
to purify the specific enzyme responsible for the change in the Graha 
reaction of the test cocci.  This, however, proved a difficult task, due 
to the  small amount of source material available and because the 
enzyme rapidly loses its activity during the manipulative procedures 
incident to its purification.  Account was taken of the fact that the 
enzyme is  readily adsorbed on the cellular detritus present  in the 
autolysate especially at slightly acid reactions.  If, for instance, an 
autolysate  (which is  normally slightly acid)  is  centrifuged at  high 
speed, most of the activity is found in the deposit, whereas the super- 
natant is almost inactive.  The following procedure was adopted for 
the preparation of a soluble enzyme. 
1.  The autolysate was adjusted to pH 4.7-5.0 with dilute acetic 
acid;  after  centrifugalization,  the  deposit  washed  with  saline  was 
found to contain the active principle. 
2.  The washed material was resuspended in M/20 phosphate buffer 
at pH 7~.5, and after standing for 24 hours in the ice box, the suspension 
was centrifugalized and the supernatant fluid filtered through a Berke- 
feld candle (V) which had been washed with phosphate buffer solution 
at pH 8.0. 
The filtrate was found to contain a large fraction of the activity of 
the original material.  This  Berkefeld filtrate  can  be  concentrated 
by desiccation in the frozen condition and can be preserved in an active 
soluble form in a vacuum desiccator. 
A certain degree of further purification may be achieved by precipi- 
tation with flavianic acid according to a method used for the prepara- 
tion of the growth hormone of the anterior hypophysis (4)  and of 
lysozyme  (5).  A  solution  of  ~he  active material is  acidified with 
sulfuric acid  (in the cold) until maximum precipitation is obtained 
(about pH 5.5).  The inactive precipitate is discarded.  The acidified RElq~J.  DUBOS  877 
supematant is then treated with sodium flavianate which precipitates 
all the active principle.  This precipitate, carefully put back in solu- 
tion by the addition of sodium hydroxide, is again precipitated with 
sulfuric acid, centrifuged, and finally brought into solution at neutral 
pH.  When an effort was made to remove the flavianic acid from the 
precipitate by  treatment with  ammoniacal alcohol,  80  per  cent of 
the activity was lost even when the extraction was carried out in the 
cold.  1 
Certain Properties of the Bacteriolytic Enzyme.--The optimal range 
for the action of the bacteriolytic enzyme on heat-killed pneumoeocei 
is between pH 8.0 and pH 6.5; some slight action may still be detected 
at pH 5.5 and pH 8.5. 
The enzyme preparation is unstable except when kept in the desic- 
cated condition.  It is completely inactivated in 10 minutes at 60°C. 
At 37°C.  it remains stable for several days at pH 6.5  but loses its 
activity in a few hours at pH 5.0 and pH 8.0. 
The enzyme is rapidly digested and inactivated by papain (activated 
with  thioglycollic acid)  at  pH  7.0  and  by  trypsin  at  pH 8.0.  It 
gradually loses activity by prolonged contact with bile, bile acids, and 
many fatty acids, both saturated and unsaturated; many antiseptics 
(such as formol and phenol) also inhibit the enzyme although ether, 
toluol, or chloroform are without effect.  In view of these facts,  a 
quantitative  recovery  of  the  enzyme  cannot  be  expected  when 
pneumococci are put in solution by bile; if an antiseptic is required, 
toluol or chloroform are to be given preference. 
NeiU  and  Avery  (6)  had  already  observed  that  the  enzyme is 
destroyed by oxidation, especially when pneumococcus extracts are 
maintained under conditions which favor the formation of hydrogen 
peroxide.  Neill  and  Fleming  (7)  found  later  that  this  oxidative 
inactivation may be reversed under certain conditions, by treating the 
inactive  enzyme  with  reducing  substances.  The  enzyme  is  also 
destroyed by a large excess of iodine.  However, when smaller concen- 
trations of iodine are used the inactivation is reversible.  This phe- 
nomenon is illustrated in Experiment 2. 
1 The author  is greatly indebted to Dr.  Karl Meyer of the Ophthalmology 
Department of the Presbyterian  Hospital, New York, for carrying out the purifi- 
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Experiment 2.--1 mg. of bacteriolytic enzyme (prepared from R cells derived 
from Type II Pneumococcus)  was dissolved in 2 cc. of ~/20 buffer pH 7.0.  The 
enzyme solution was divided equally into four tubes; 0.5 cc. of M/75 iodine was 
added to two of these tubes (tubes 1 and 3), and 0.5 cc. of distilled  water to the 
others (tubes 2 and 4).  The solutions  were then incubated for 75 minutes at 
room temperature. 
At the end of this period, the iodine in tube 3 was reduced by the addition of 
0.1 cc. of 0.3 per cent sodium thioglycollate; the bacteriolytic activity of the four 
preparations was  then tested by the addition  to each of 3 mg.  of heat-killed 
pneumococci  (Type  I).  The  enzyme-substrate  mixtures  were  incubated  at 
37°C. for 18 hours in the presence of chloroform and the activity of the enzyme 
estimated by Gram stains (Table II). 
The results presented in Table II indicate that in the presence of 
iodine,  the bacterio]ytic enzyme loses the  capacity to render  Gram- 
TABLE II 
The Reversibility of Iodine Inactivation  of the Bacteriolytic Enzyme by 
Thioglycollic Acid 
Tube  M/TS  Enzyme  iodine 
*$¢.  C~. 
0.5  0.5 
0.5  0 
0.5  0.5 
0.5  0 
0.3  per 
cent thio- 
glycoUic 
acid 
0 
0 
0.1 
0.1 
l 
]Heal  :illed 
[ ba,  .~rla 
'  .~ ~o~ 
Gram  stain 
Gram-positive 
Gram-negative 
cl 
¢~ 
negative heat-killed pneumococci (tube 1); the bacteriolytic activity is 
restored, however, by the mere addition  of thioglycollic acid to the 
iodine-inactivated solution, even though the iodine has been allowed 
to act for 75 minutes before the reducing agent is added (tube 3). 
Observations on the Gram-Positive Structure  of Pneumococci.--It  was 
shown in Experiment  1  that  it is possible,  by the  addition of small 
amounts  of  the  bacteriolytic  enzyme,  to  change  heat-killed pneu- 
mococci into Gram-negative forms without at the same time causing 
any actual disintegration or l ysis of the cells; it would be of the greatest 
interest  to  discover  the  nature  of  that  structure  of  the  cell which 
determines its reaction to the Gram stain.  The following experiment 
is a  contribution to this problem. l~Xl~  ~1.  Dlmos  879 
Experiment 3.--Heat-kiUed  pneumococci  (Type I)  were  washed  twice  with 
physiological saline and desiccated in the frozen condition.  100 rag. of the dry 
cells were resuspended in 20 cc. of M/20 borate buffer pH 8.5.  To 10.0 cc. of this 
cell suspension was added 1 mg. of crystalline trypsin (recrystallized four times), 2 
the  remaining  10.0 cc.  were  kept  as  control.  Both samples  were  incubated 
for 6 hours at 37°C., centrifuged,  washed repeatedly with alcohol and ether at 
room temperature, then dried and weighed.  The control bacteria were found to 
weigh 47.3 rag., whereas the sample treated with trypsin weighed only 12.1 rag. 
This experiment was repeated on several occasions, with pneumococci of Types I 
and III.  In all cases following the trypsin treatment there was a loss of weight 
corresponding  to about  75 per cent of the original  material.  No appreciable 
change occurred when the treated cells were again subjected to tryptic digestion. 
The digestion was less complete with chymotrypsin. 
On three occasions, the trypsin-digested  cells (Type I) were analyzed for total 
nitrogen by the micro Kjeldahl method and found to contain from 7.57 to 8.43 per 
cent total nitrogen.  The tryptic digestion was accompanied by a marked clearing 
of the preparation.  However, this digested cell suspension revealed the presence 
of Gram-p0sitive cocci somewhat smaller in size than the control organisms but 
comparable in numbers and morphological appearance. 
The digested cocci were resuspended in phosphate buffer solution at pH 6.5, in 
which they retained their morphological and staining characteristics.  If now a 
suflficient amount of the bacteriolytic enzyme was added to this suspension, the 
cells were changed into Gram-negative  detritus, although there was no appre- 
ciable decrease of the turbidity of the suspension. 
The results of Experiment 3 seem to indicate that the Gram-positive 
reaction  is  associated  with  the  existence  of  a  structure  which  still 
persists,  after  trypsin  digestion  has  reduced  the  heat-killed  pneu- 
mococcus cells to bodies which weigh only 25 per cent of the original 
weight of the cell and contain only 8 per cent nitrogen.  Although the 
bacteriolytic enzyme can attack this structure, it cannot dissolve it 
completely, but leaves in suspension an amorphous insoluble  Gram- 
negative residue. 
The Inhibition  of the Bacterlolytic Enzyme by Certain Amino Poly- 
saccharide Aclds.--It has been shown elsewhere that a preparation of 
the  bacteriolytic  enzyme  has  the  property  of  liberating  reducing 
sugars from certain acetyl amino glucose glucuronides prepared from 
the vitreous humor, from the umbilical chord, and  from cultures of 
hemolytic streptococci of group A  (8).  If one and the same enzyme 
2 The crystalline trypsin and chymotrypsin were kindly supplied by Dr. J. H. 
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is responsible for the action on these amino polysaccharide acids and 
on heat-killed  pneumococci,  one might  expect  that  the  former  sub- 
stances would inhibit the action of the enzyme upon the pneumococcus 
substrate.  This is established in the following experiment. 
TABLE  III 
The Inkibition  of the Bavteriolytic Enzyme  by  Certain Amino  PolysacckarideAcids 
Enzyme  Inhibiting substance  in 
2 cc. pH 5.0 buffcr 
$6. 
0.1  0 
O.  t  5 mg. vitreous  hu- 
mor polysaccha- 
ride 
O.  1  2 rag.  vitreous  hu- 
mor polysaccha- 
ride 
O.  1  5  rag.' umbilical 
chord  polysac- 
charide 
Amount of 
¢nz me 
inhibitor 
mixture 
used 
CC. 
0.01 
0.01 
o.1 
o  ~  002 
•  ~  0.1 
0.02 
Test materlal 
1 mg. cocci + 
1 mg. vitreous poly- 
saccharide 
1 mg. cocci "k" 
1  rag.  umbilical 
polysaccharlde 
1 rag. cocci 
I  ~c  ~c 
1  "  " 
1  "  " 
0.2  I  .... 
No. of Gram- 
negative cocci 
All 
g. 
e~ 
None 
.~  ,, 
.M  All 
.~  50 per cent 
None 
Experiment  4.--Mixtures of  the  bacteriolytic enzyme  (prepared  from  an  R 
Pneumococeus derived from Type II) and  of the amino polysaccharide acids were 
prepared in the following proportions: 
(a) 0.1 cc. enzyme +  2 cc. phosphate buffer M/20 pH 6.0. 
(b)  "  "  "  q- 5 rag. vitreous polysacchafide in 2 cc. buffer pH 6.0. 
(c)  ......  +  2 rag.  ' ............  ,  " 
(d)  "  "  "  -[- 5 mg. umbilical  ......  ' ....... 
The mixtures were incubated at 37°C. for 7 hours; at the end of this period the 
bacteriolytic activity of the preparations was tested against 1 rag. dried pneumo- 
cocci resuspended in 2 cc. of ~/20 phosphate buffer pH 7.0.  The enzyme-substrate 
3 The  samples  of  amino polysaccharide  acids  were  kindly supplied  by  Dr. 
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mixtures were incubated at 37°C. for 18 hours and the amount of lysis determined 
by Gram stains.  Table III presents the results of the experiment. 
The results given in Table III show that the enzyme solution was 
of such concentration that 0.01 cc. was  sufficient  to  render all  the 
pneumococci Gram-negative.  When the enzyme was incubated with 
5 rag. of  the amino polysaccharide acids previous to the addition of 
the  pneumococci,  all  the  bacterial  cells  remained  Gram-positive. 
With only 2 rag. of amino polysaccharide the lytic activity was only 
slightly reduced. 
In other words, when the bacteriolytic enzyme is incubated for 7 
hours with a sufficient amount of the amino polysaccharide acids, it 
loses thereby its ability to change the pneumococci from Gram-posi- 
tive  to  Gram-negative;  the  polysaccharide acids,  however,  do  not 
exert an inhibiting effect by their mere presence, since the bacteria are 
readily  attacked  by  the  bacteriolytic enzyme when  inhibitor  and 
bacteria are added simultaneously to the enzyme solution.  It appears 
possible, therefore, that the bacteriolytic agent becomes fixed during 
the  decomposition of  the  acetyl amino  polysaccharide and  subse- 
quently is no longer available to attack the bacterial cells. 
DISCUSSION 
The rapidity with which pneumococci undergo autolysis is one of 
their significant characteristics.  This property is probably  related 
to the presence in the cell of the lyric system which Avery and Cullen 
(2) have termed the bacteriolytic enzyme.  It is likely that the auto- 
lyric system is composed of a group of different enzymes, each one of 
them acting upon  a  different component of the  cellular structure. 
When used in large amounts, the bacteriolytic system changes Gram- 
positive  heat-killed  pneumococci  into  amorphous  Gram-negative 
detritus.  However,  the  enzyme solution  can  be  used  under  such 
conditions that the bacterial cells become Gram-negative, but retain 
their characteristic morphology and that there is no clearing of the 
bacterial suspension; in other words, the change in staining properties 
need not be associated with an actual lysis of the cell. 
What is the structure upon which the enzyme acts to render the 
pneumococci Gram-negative?  We know that it is resistant to proteo- 
lytic enzymes (pepsin, papain,  trypsin)  and  that  it  is  still present 882  AUTOLYTIC  SYSTEM  Ol  ~  P17EU~OCOCCI 
after trypsin digestion has reduced the cell to a body which contains 
only 8 per cent nitrogen (Experiment 3).  Moreover it has been found 
that the same enzyme preparation which attacks this structure is also 
capable  of  liberating  reducing  sugars  from  certain  acetyl  amino 
glucose glucuronides (8).  The agents responsible for both  types of 
action are heat-labile, have the same pH optimum, are precipitable by 
flavianic acid, are reversibly inactivated by iodine, and finally, the 
action  on  pneumococci is  inhibited by  previous  incubation of  the 
ferment solution with sufficient amounts of the amino polysaccharide. 
These  facts  suggest  that  the  same  component of  the bacteriolytic 
system which hydrolyzes the amino polysaccharide acids also renders 
Gram-negative the heat-killed pneumococci.  This question, however, 
will not be finally answered until one has identified in pneumococci, 
the specific substrate which, when present as an organized structure, 
determines the Gram-positive reaction of this group of bacteria. 
SUMMARY 
I. Living  pneumococcus  cells  contain  a  group  of  enzymes,  the 
bacteriolytic system, capable of causing the lysis of heat-killed pneu- 
mococci  (R  and  S  variants  irrespective of  type  derivation).  This 
lysis expresses  itself by a loss of the Gram staining reaction, a  disin- 
tegration of the ceU body, and a clearing of the bacterial suspension. 
2.  Under  certain  conditions of  treatment  with  the  bacteriolytic 
complex, it  is  possible  to  render the  cocci Gram-negative without 
changing their characteristic morphology, or causing any appreciable 
clearing of the cell suspension. 
3.  The enzyme responsible for this change has been partially puff- 
fled, and some of its properties described. 
4.  The cellular structure which is responsible for the Gram-positive 
reaction of pneumococcl is resistant to proteolytic enzymes, and is still 
present when tryptic digestion has reduced the heat-killed cell to a 
body which has ]ost 75 pcr cent of its original weight, and contains 
only 8 per cent nitrogen. 
5.  The same enzyme preparation which attacks pneumococci is also 
capable of liberating reducing sugars from some acetyl amino glucose 
glucurorddes of animal and bacterial origin.  The possibility is con- m~r~ i.  Dwos  883 
sidered, and discussed, that one and the same enzyme in the autolytic 
complex is capable of attacking both types of substrates. 
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